21-DEC-2001 11:53 FROM Ir 



ilectual Prop 



TO 90017aPfl64100 



P. 03 



Translation of Jap. Pat. Appl. Kokai P ublication No. H07-325280 (A) 

Application No. H07 -085960 

Filing Date 20 March 1995 

Publication Date 12 December 1995 

Int. O. 6 G02F 1/13; G02F 1/1333; G02F 1/1339 

Priority Data Japan. 8 April 1994, Patent Application No. H06-093870 

Inventors Tatsuya TABEI, Masuyuki ANDOH, Hideshi HATTOR.I 

and Noburu MIYAtMOWAKI 

Applicant Dai Nippon Printing Co., Ltd. 



10 



15 



20 



Title 

Method of Manufacturing a Liquid Crystal/Polymer Composite Optical Element 
Abstract 

OBJECT: To provide a method of manufacturing a liquid crystal/polymer composite optical 
element, said method enabling easy manufacture of a liquid crystal/ polymer composite optical 
element of arbitrary size. 

CONSTITUTION: In the context of a method for cutting out, to a prescribed size, a liquid crystal 
optical element formed by sandwiching a liquid crystal/polymer composite film between two 
substrates, at least one of which is transparent, said liquid crystal/polymer composite film 
comprising liquid crystal particles dispersed in a polymer matrix: a method of manufacturing a 
liquid crystal/polymer composite optical element wherein a laser is used as the cutting means. 



Claims 

1. In the context of a method for cutting out, to a prescribed size, a liquid crystal 
optical element formed by sandwiching a liquid crystal/polymer composite film 
between two substrates, at least one of which is transparent, said liquid 
crystal/polymer composite film comprising liquid crystal particles dispersed in a 
polymer matrix: a method of manufacturing a liquid crystal/polymer composite optica! 
element wherein a laser is used as the cutting means. 

2. The method of manufacturing a liquid crystal/polymer composite optical element 
set forth in claim l, wherein the two substrates are conductive substrates. 

3. The method of manufacturing a liquid crystal/polymer composite optical element 
set forth in claim 1, wherein one of the two substrates is a conductive substrate and 
the other is a protective layer. 

4. The method of manufacturing a liquid crystal/polymer composite optical element 
set forth in claim 2 or claim 3, wherein the conductive substrates or substrate 
comprise or comprises polymer film, polymer sheet or resin sheet. 

Detailed Description of the Invention 
Industrial field of utilisation 

(1) The present invention relates to a liquid crystal/polymer composite optical 
element that is responsive to electric fields and heat, and that employs a liquid 
crystal/polymer composite film capable of displaying and/or recording information. 
The liquid crystal/ polymer composite optical element of this invention has a wide 
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■ Numbers in square brackets refer to Translator's Notes appended to the translation. 
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range of possible applications, including displays, light-modulating panels [2], and 
rewritable display and recording media (cards, OHP, etc.)- 

Prior art 

(2) Due to various characteristics such as their low power consumption, lightweight 
5 nature and thinness, liquid crystal displays are widely used to display text characters 
and pictures in applications such as wrist watches, calculators, personal computers 
and televisions. Ordinary TN- and STN-liquid crystal displays are fabricated by 
enclosing liquid crystal inside a sealed cell between glass sheets having transparent 
electrodes, and sandwiching this assembly between polarizing plates. 

10 (3) However, a number of problems are encountered with such liquid crystal displays, 
including (a) because two polarizing plates are required, the viewing angle is small, 
and because brightness is insufficient, a high power consumption backlight is 
necessary; (b) large-area displays are difficult to achieve because of the large cell 
thickness dependence [3]; (c) the complexity of the structure of such displays and the 

is difficulty of enclosing liquid crystal in a cell leads to high manufacturing costs. 
Accordingly, there are limits to the extent to which liquid crystal displays can be made 
lighter, thinner, larger, lower in power consumption, and cheaper. 

(4) It is anticipated that liquid crystal/polymer composite optical elements based on 
light scattering mechanisms and employing liquid crystal/polymer composite films 
20 obtained by dispersing liquid crystal in a polymer matrix, will find application as liquid 
crystal display media that effectively overcome the problems described above. Such 
optical elements are currently the focus of much R&D activity. The principal methods 
of manufacturing this kind of liquid crystal/ polymer composite optical element 
employing a crystal/polymer composite film are as follows. 

25 (5) (i) Impregnating a porous polymer with liquid crystal; (ii) manufacturing from an 
emulsion comprising liquid crystal dispersed in an aqueous solution of polyvinyl 
alcohol (see PCT (WO) S58-201631 [4]); (iii) casting the solution obtained by 
dissolving liquid crystal and a polymer matrix in a common solvent, followed by phase 
separation of liquid crystal and polymer accompanying removal of the solvent (see 

30 PCT (WO) S61-502128 [5]); (iv) polymerisation of the monomer in a mixture of liquid 
crystal and monomer, followed by obtaining a phase-separated structure of liquid 
crystal and polymer (see PCT (WO) S61-502128). Of these methods, method (ii) has 
the advantages of simple and convenient manufacture, easy control of structure and 
film thickness, and the ability to manufacture large panels, and this method has 

35 already been put to practical use in the manufacture of glass for light-modulating 
panels. 

Problem that the invention is intended to solve 

(6) Methods employed to manufacture the liquid crystal/polymer composite film used 
in a conventional liquid crystal/polymer composite film optical element include: (i) 

40 using UV or heat to polymerize a liquid crystal/monomer (or oligomer) solution and 
then causing the liquid crystal particle phase to separate; and (ii) applying and drying 
a liquid crystal emulsion on a substrate. Both these methods offer the possibility of 
forming elements with a wide range of areas ranging from extremely small to large. 
However, both methods require — when sandwiching the fabricated liquid 

45 crystal/polymer composite film between a pair of electrode substrates or between an 
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electrode substrate and a protective layer — prevention of leakage, etc., of liquid 
crystal from edges, and this is achieved by for example using a sealant along the 
perimeter of the liquid crystal/polymer composite Film. 

(7) Consequently, if it were possible to manufacture an element of large area in 
5 advance and then to cut this element into arbitrary sizes, it would be possible to 

manufacture, continuously and very easily, elements of various sizes. However, in the 
manufacturing methods described above, the perimeter of the liquid crystal/polymer 
composite film where the element has been cut out is not sealed by a sealant, which 
leads to the complication that some sort of sealing process has to be applied to this 
10 perimeter. It is therefore an object of the present invention to provide a method 
whereby a liquid crystal/ polymer composite optical element of arbitrary size can be 
manufactured easily. 

Means for solving problem 

(8) The foregoing object is achieved by this invention. Namely, in the context of a 
15 method for cutting out, to a prescribed size, a liquid crystal optical element formed by 

sandwiching a liquid crystal/polymer composite film between two substrates, at least 
one of which is transparent, said liquid crystal/polymer composite film comprising 
liquid crystal particles dispersed in a polymer matrix: a method of manufacturing a 
liquid crystal/polymer composite optical element wherein a laser is used as the cutting 
20 means. 

Working of the invention 

(9) When a laser is employed to cut out a liquid crystal/polymer composite optical 
element that has been manufactured using a resin substrate as the conductive 
substrate of the element, the cut surfaces are fusion-sealed simultaneously with being 

2S cut, and steps such as fabricating a seal and/or applying a sealant are unnecessary, 
with the result that manufacture of an element of arbitrary size is simpler and leakage 
of liquid crystal from the cut surfaces is automatically prevented. For example, by 
cutting out an element of arbitrary size using light from a powerful laser such as a 
carbon dioxide gas laser, the cut surfaces of the matrix polymer of the liquid 

30 crystal/polymer composite film — or the cut surfaces of the polymer film, polymer 
sheet or resin sheet sandwiching the composite film — melt and fuse together, with 
the result that it is not necessary to use a separate sealant to sea! the edges of the 
element. Accordingly, it is easy to manufacture a liquid crystal/polymer composite 
optical element of arbitrary size. 

35 Preferred mode of embodying the invention 

(10) This invention will now be described in greater detail in terms of a preferred 
mode of embodiment. As used in the present invention, "liquid crystal" signifies an 
organic mixture [6] that exhibits a liquid crystal state in the vicinity of ordinary 
temperatures, and encompasses nematic, cholesteric and smectic liquid crystals. The 

ao liquid crystal is selected in accordance with the intended application of the optical 
element obtained by the method of the invention. For example, if the application is to 
a display, a nematic liquid crystal is used, while a smectic liquid crystal is used if the 
application is to a rewritable display medium. It is also feasible to add a dye or 
pigment to the liquid crystal in order to improve contrast or colour. If a dichroic dye is 

45 added, it is feasible to use the element not only as a scattering/transmitting type 
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composite film, but also — due to the guest/host effect of the dye — as a composite 
film capable of switching between optical absorption (coloured) and a transparent 
state. 

(11) If too much dye is added, a large quantity of dye dissolves into the polymer 
5 matrix, resulting in undesirable residual colour when the voltage is applied. On the 

other hand, if there is too little dye, there is less difference between the absorption of 
light during voltage application and absorption when no voltage is applied, with the 
result that there is insufficient improvement in contrast. Hence the amount of dye 
added varies according to the intended application of the liquid crystal optical element 

10 obtained in this invention, and according to the liquid crystal material used, etc. For 
example, if the optical element is to be used for a display employing nematic liquid 
crystal, the dye is preferably used in the range 0.1-5 wt% relative to liquid crystal in 
the composite film. If the optical element is to be used as a rewritable display 
medium employing smectic liquid crystal, the dye is preferably used in the range 1 - 

is 10 wt% relative to liquid crystal. 

(12) The conductive substrate used in this invention is one that is generally used in 
conventional and well-known liquid crystal/polymer composite optical elements. Any 
conventional and well-known conductive substrate can be used in this invention, and 
specifically, this substrate is an electrode substrate comprising for example a 

20 transparent conductive material such as ITO, Sn0 2 or ZnO deposited on a transparent 
substrate of for example polymer film, polymer sheet or resin sheet. If a non- 
transparent conductive substrate is used and its electrodes are required to function 
also as reflective sheets, it is preferable to use a substrate provided with, by way of 
example, aluminium reflective electrodes. However, in this case it is also feasible to 

2S use a substrate wherein electrodes of a transparent conductive material such as ITO, 
Sn0 2 or ZnO have been provided on white PET film or the like. 

(13) The liquid crystal/polymer composite film formed between the aforementioned 
substrates may be formed by the conventional and well-known liquid crystal emulsion 
or phase separation method, and is preferably formed by the emulsion method. PVA is 

30 preferably employed as the matrix resin that is used in the emulsion method. 
However, gelatin, acrylic copolymer, water-soluble alkyd resin or the like can be used, 
provided that the substance can be dispersed or dissolved in water. 

(14) The proportion in which the matrix resin and the liquid crystal are used — i.e., 
the matrix polymer/liquid crystal mixing ratio (or weight ratio) — varies according to 

35 the intended application of the optical element. For example, when the application is a 
display employing nematic liquid crystal, the mixing ratio is preferably in the range 
5/95 - 50/50. When the application is to a rewritable display medium employing 
smectic liquid crystal, the mixing ratio is preferably in the range 5/95 - 95/5, and 
more preferably in the range 55/45 - 35/65. In both these applications, a number of 

40 unsatisfactory effects occur if the quantity of liquid crystal used is too small, including 
insufficient transparency under applied voltage and the necessity of using a large 
voltage to make the film transparent. On the other hand, if the amount of liquid 
crystal used is too great, there is insufficient scattering (turbidity) when no voltage is 
applied and film strength may decrease. 
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(15) There are a number of methods that can be used to disperse the liquid crystal in 
an aqueous solution of polymer matrix, including (a) mixing using any of a variety of 
agitators such as an ultrasonic disperses and (b) membrane emulsification (see T. 
Nakajima and M. Shimizu, Pharmtech Japan, Vol. 4, No, 10, 1988). The size of the 

5 liquid crystal emulsion particles depends on the dispersion method used and on the 
intended application of the optical element. If the optical element is to be used as a 
display, the volume-average particle size (or diameter) of the liquid crystal particles is 
preferably in the range 0,5 - 2 nm, the weight-average particle size is in the range 
1,1 - 2.1 ^m, and the number-average particle size is in the range 0.9 - 1.5 |im. 
10 When the application is to a rewritable display medium, the preferred volume-average 
particle size is given by the requirement that liquid crystal particles of 1 jim or less 
account for no more than 10% of all particles. 

(16) The method employed for coating the liquid crystal emulsion onto the 
aforementioned element substrate can be any conventional and well-known coating 

15 method such as doctor coating or blade coating, but electrodeposition coating would 
be preferable. Because electrodeposition coating can increase the liquid crystal 
content of the liquid crystal/polymer composite film, a film with superior electro- 
optical characteristics can be formed- This coating method also enables film thickness 
to be controlled with a high degree of precision and facilitates the formation of fine 

20 patterns of liquid crystal/polymer composite film. The coated liquid crystal emulsion 
becomes a liquid crystal/polymer composite film by being dried at room temperature 
or at a temperature that does not affect the emulsion. 

(17) The thickness of the liquid crystal/polymer composite film differs according to the 
application of the optical element. For example, if a liquid crystal display element is to 

25 be used as a display, the thickness of the liquid crystal/polymer composite film 
formed between the pair of substrates is generally preferably about 3-13 pm. When 
the element is to be used in application to a rewritable display medium, the thickness 
of the composite film sandwiched between the conductive substrate and the 
protective layer is preferably approximately 3 - 23 >im. In both these applications, a 

30 film thickness that is less than the preferred range has unfavorable consequences, 
including lower display contrast, while a film thickness that exceeds the preferred 
range has unfavorable consequences such as a higher voltage (i.e., drive voltage) 
being required to erase the display. An optical modulating element can be obtained by 
using a conventional method to affix opposed electrodes to the surfaces of the liquid 

35 crystal/polymer film formed on the element substrate in the manner described above, 
or by providing protective layers, [7] 

(18) When a liquid crystal optical element according to this invention is to be used, by 
way of example, in a display application, the liquid crystals in the nematic liquid 
crystal/polymer composite film become oriented when a voltage is applied, thereby 

40 allowing light to pass through so that the liquid crystal layer assumes the background 
colour. When no voltage is applied, the orientation of the liquid crystals is lost and the 
liquid crystal layer assumes the colour of the dichroic dye. Accordingly, a display is 
obtained by turning an applied voltage either on or off, and is erased by performing 
the opposite action. 
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(19) When a liquid crystal optical element according to this invention is to be used, by 
way of example, as a rewritable display medium, the liquid crystals in the smectic 
liquid crystal/polymer composite film become oriented when a voltage is applied, 
thereby allowing light to pass through so that the liquid crystal layer assumes the 
background colour. Heating results in a disordering of the orientation of the liquid 
crystals, with the result that the liquid crystal layer assumes the colour of the dichroic 
dye. Accordingly, writing is performed by applying one of (i) voltage, (ii) heat, and 
erasing is performed by applying the other. If there is just a single electrode above or 
below, or a single conductive substrate, voltage can be applied by means of corona 
charging. 

(20) The laser used to cut out the element can be, for example, an argon or other ion 
laser, a carbon dioxide gas laser, a semiconductor laser, an excimer laser, a dye 
laser, a YAG laser, or a chemical laser. If circumstances require an increase in the 
absorption efficiency of laser light when cutting out the element, an optical conversion 
material such as a dye can be added to the substrate film. It is also feasible to 
provide, on the film, a layer containing an optical-to-thermal conversion material. In 
this case, in order not to impair the optical transmittance of the display region, the 
layer containing the optical-to-thermal conversion material is preferably provided on a 
pattern, this being formed by printing or other method on the parts to be cut. 
Because the parts of the substrate to be cut fuse together immediately in the cutting 
process due to the heat, short-circuits readily occur between the upper and lower 
electrodes if a conductive thin film has been provided on both the upper and lower 
substrates at the parts to be cut. Accordingly, this conductive thin film is preferably 
removed from the parts to be cut of at least one of the substrates. 

(21) The invention will now be described in greater detail with reference to a number 
of working examples. 

Working Example 1 

An O/W type liquid crystal emulsion was prepared by membrane emulsification from 
the following composition: 



a-i r>h aeo ' nematic liquid crystal (BL-010, manufactured by 
on pnase i Merck) 


100.0 g 


water phase 


polyvinyl alcohol (KP-060, manufactured by 
Nippon Synthetic Chemical Industry Co., Ltd.) 


10.3 g 


water 




195.7 g 



70 g of 20 wt% aqueous solution of KH-20 (a polyvinyl alcohol manufactured by 
Nippon Synthetic Chemical Industry) was added to this emulsion, which was then 
applied to an ITO-on-PET film by blade coating. The coating was dried for 24 hours at 
room temperature to obtain an 8 \im thick liquid crystal/polymer composite film. A 
large-area cell was manufactured by laminating with another ITO-on-PET film. [8] This 
cell was then cut out to A4 si2e using a carbon dioxide gas laser (an RF-pumped C0 2 
laser, Model No. 48-5-28W, manufactured by the US company Synrad, with output 
controlled by Synrad's UC-1000 Universal Controller). The cut surfaces fused together 
and no liquid crystal leaked out. 
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Working Example 2 

(22) A large-area cell of liquid crystal/polymer composite film was manufactured as 
follows, A 40:60 (weight ratio) mixture of Afunctional epoxy ester 40EM 
(manufactured by Kyoeisha Yushi Chemical Co., Ltd.) and nematic liquid crystal E-44 

5 (manufactured by Merck) was prepared. 3 wt% of photopolymerization initiator 
Darocure 1116 (manufactured by Merck) was added to this. The resulting composite 
was gravure coated onto ITO-on-PET film at 60°C / and then wet-laminated with ITO- 
on-PET film. This was followed by UV irradiation, still at 60°C, using a high-pressure 
mercury vapor lamp (80 w). When the resulting cell was cut out in the same manner 
io as Working Example l, the cut surfaces fused together and no liquid crystal leaked 
out. 

Working example 3 

(23) An O/W type liquid crystal emulsion was prepared by ultrasonic dispersion from 
the following composition: 



smectic liquid crystal (S-6, manufactured by 
Merck) 


20 g 


polyvinyl alcohol (EG-05, manufactured by 
Nippon Synthetic Chemical Industry Co-, Ltd.) 


1.5 g 


water 


30 g 



15 

10 g of 20 wt% aqueous solution of polyvinyl alcohol (KH-20, manufactured by 
Nippon Synthetic Chemical Industry) was added to this emulsion, which was then 
applied to an ITO-on-PET film by blade coating. The coating was dried for 20 hours at 
room temperature to obtain an 8 ^im thick liquid crystal/polymer composite film. A 
20 large-area cell was manufactured by laminating another ITO-on-PET film onto the 
surface of this film. When this eel! was cut out to A4 size using the same method as in 
Working Example 1, the cut surfaces fused together and no leakage of liquid crystal 
was observed. 

Working Example 4 

25 (24) A liquid crystal/polymer composite film (8 \irr\ thick after drying) was formed on 
an ITO-on-PET film by the same method, using a liquid crystal emulsion with the 
same composition as in Working Example 3 except that 2 wt% of dichroic dye (S-428, 
manufactured by Mitsui Toatsu Chemicals, Inc.) was dissolved in the liquid crystal. 
Blade coating was employed to apply a IS wt% aqueous solution of polyvinyl alcohol 

30 (KH-20, manufactured by Nippon Synthetic Chemical Industry) to this film surface, 
and a PVA film (5 ^m thick after drying) was formed. The large-area liquid 
crystal/polymer composite sheet thereby obtained was cut out to credit card size [9] 
using the same method as in Working Example 1. It was possible to utilize the large- 
area liquid crystal/polymer composite sheet without waste, and the cut surfaces fused 

35 together with no leakage of liquid crystal. 

Advantages of the invention 

(25) As has been described above, with the present invention, when a laser is 
employed to cut out a liquid crystal/polymer composite optical element that has been 
manufactured using a resin substrate as the conductive substrate of the element, the 
^0 cut surfaces are fusion-sealed simultaneously with being cut, and steps such as 
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fabricating a seal and/or applying a sealant are unnecessary, with the result that 
manufacture of an element of arbitrary size is simpler and leakage of liquid crystal 
from the cut surfaces is automatically prevented. 



TRANSLATOR'S NOTES 



1. Numbers in round brackets at Che beginning of paragraphs correspond to the paragraph 
numbering in the Japanese specification. 

2. The Japanese term that I have translated as "light-modulating panels* is typically used to 
signify large panels of laminated glass between which is sandwiched liquid crystal sheet. 
Such panels are referred to in the literature as "switchable light control glass". Typical 
literature states that "with the development of special liquid crystal sheet, it is now 
possible to use switchable light control glass as ordinary glass by having large size 
capability up to 900-2400 mm. This is one of the reasons why many applications in 
displays and architectural field [sic] can be considered." 

3. Sic. I am not sure exactly which limitation the writer is referring to. 

4. This refers to the published Japanese translation of a PCT application in which Japan was 
named as one of the countries. S58-201631 signifies Pub. No. 201631 of 1983. 

5. S61-502128 signifies Pub. No. 502128 of 1986. 



7. Sic. This sentence does not seem very dearly written in the original Japanese. 

8. Sic. The writer presumably means that the liquid crystal/polymer composite film was 
sandwiched between two layers of P£T. 

9. I think the writer uses this phrase to mean that the entire large sheet was cut into credit 
card sized pieces. 
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FORMATION OF LIQUID CRYSTAL/HIGH POLYMER COMPOSITE 
OPTICAL ELEMENT 

19960430 

PURPOSErTo provide a forming method of liquid crystal/high 
polymer composite optical element capable of easily forming a liquid 
crystal/high polymer composite optical element having an optional 
size. 

CONSTITUTION :ln a method for cutting into a prescribed size a liquid 
crystal optical element formed by inserting a liquid/high polymer 
composite film obtained by dispersing a liquid crystal particle in a 
high polymer matrix between two substrates, at least one of which is 
transparent, laser is used as the cutting means. 
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